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ON A 47-70 SWEPTBACK-WING - FUSELAGF COMBINATION OF 

ASPECT R A T I O  5 .I AT A REXNOLDS IWMBER OF 6 .O X lo6 

By Stanley H. Spooner and E m s t  F. Mollenberg 

A low-speed wind-tune  investigation has been  conducted at a 
Reynolds number of 6.0 x 10 k t o  determine the  longitudfnal eterodybmic 
character is t ics  of a 47.70 sweptback-wing - fuselage  combination  equipped 
with spli t  f l aps  and various  modiffcationi  thereof. The modifications 
consisted of extended s p l i t  (Zap), rotated s p l i t ,  step sp l i t ,  and tri- 
angular flaps. The wing had an aspect ratio of 5.1, a taper r a t i o  
of 0.383, and NACA 64-=0 af r fo i l  sections normal to the 0.286-chord 
line. The maximum wing thfclmess in a streamwise direct ion was 7.5 per- 
cent of the wing chord. 

The largest   values of maximum lift coeff ic ient  C and incre- 
LmEtx 

ment of lift coeff ic ient  were obtained with deflection angles of the 
order of 4.0' with those flaps having m e  lines located on o r  near the 
w h g  trailing edge and compare favorably with the d u e s  obtained  with 
double s lo t ted  flaps of the same span. When the wing i s  equipped  with 
leading-edge flaps, the longi tudinal  s t a b i l i t y  in the  high-l i f t  range 
below C i s  dependent upon the type of trailing-edge f lap and the 

degree of deflection. 
Lmax 
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As par t  of an investigation  to  supply  additional  information con- 
cerning the effectiveness of various  types of f laps  on wings having 
sweptback plan forms, together  with the effects  of  f lap  deflection, span, 
and chordwise position,  the  effectiveness of various types of f l a p  has 
been evaluated on a 47.70 sweptback-wing - fuselage combination. R e f -  
erence 1 presents the results obtained from t e s t s  of single  slotted 
f laps .  The ,present  paper  reports  the results of t e s t s  of flapa of the 
splf t   type.  

The tests were conducted i n   t h e  Langley  19-foot  pressure  tunnel at 
a Reynolds number of 6.0 x 10 6 and a Mach number of 0.14. The wing had 
an aspect  ratio of 5.1, a t ape r   r a t io  of 0.383, and NACA 64-210 a i r f o i l  
sections normal t o   t h e  0.286-chord line. For most of the tests a fuse- 
lage w a s  a t tached  to   the wing. The flaps  investigated were s p l i t ,  
extended s p l i t  (Zap) ,   rotated  spl i t ,   s tep  spl i t ,  and triangular, and 
were tes ted in combination  with  several  spans of leading-edge f lap.  

NOTATION 

The da ta   me  re fer red   to  a set of axes  coinciding  with  the wind 
axes and originating in  the plane of symmetry at the  quarter-chord  point a ! 
of the mean aerodynamic chord. A l l  wing coeff ic ients  axe based upon the 
dimensions of the  basic wing. 
CL l i f t   c o e f f i c i e n t  (L=t/qS) 

& 

C maximum l i f t  coefficient Lmax 
ACL increment of l i f t  coefficient due to   f lap   def lec t ion ,  measured 

at a, = 8' 

CD drag coefficient (Drag/@) 

'm pitching-moment coefficient  (Pitching moment/qSE) 

9 free-stream dynamic pressure, pounds per  square  foot 

S wing area, square f e e t  
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E mean aerodynamic chord, f e e t  

C wing chord, p a r a l l e l   t o  plane of symmetry, feet 

C '  wing chord normal t o   0 . 2 % ~ ~  feet 

b/2 semispan of wing, normal t o  plane of symmetry, f e e t  

Y spanwlse coordinate, normal t o  plane of symmetry, feet 

L/D r a t i o  o f  lift to drag 

R Reynolds number, based on mean aerodynamic chord 

6f flap  deflection,  degrees 

a angle of a t tack  of root chord,  degrees 

A angle of sweepback of  the 0 .286~ line, degrees 

e angle of glide, degrees (cot" L/b> 

gliding speed, miles per hour 
c 

VV sink- speed, fee t   per  second 
* 

The principal dimensions of the model are shown In figure 1. The 
w i n g ,  which w a s  of solid-steel   construction, had NACA 64-UO a i r f o i l  
sections normal t o  the 0.286-cbord line. The sweepback of the 
0.286-chord line ( 0 . 2 5 ~  ) was 45O, the  aspect ratio was 5 .I, and the 
taper r a t i o  was 0.383. The maximum w i n g  thickness in a plane paral le l  
t o  the plane of symmetry was 0.075~.  The wing was un i fo rmly  twisted t o  
produce 1.320 washout a t  the t ip  a3ld the dihedral angle was Oo. The 
w i n g  was located on the fuselage in a midwing posi t ion and a t  2' inc i -  
dence with respect to the Fuselage  center line. The fuselage was of 
circular   cross   sect ion and had a fFneness r a t i o  of 10.2. 

The geometric  characteristics of the  leading-edge  flaps and the 
trailing-edge f laps are shown in  figures 1 and 2, respectively. All 
f laps  were fabricated from either steel o r  alumFnum sheet and the 

I )  
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brackets were of s t ee l .  The leading-edge f l aps  had a constant chord of 
0.09815 and a deflection of 45'. The outboard end w a s  f ixed a t  sta- 
t ion  0.973/2  for  the  several  spans tes ted.  

The t ra i l ing-edge  spl i t   f laps  had a constant  percent  chord of 0 . 2 0 ~ '  
and could  be  deflected 15O, 30°, 45', and 60'. With the  fuselage 
attached  to  the w i n g ,  the flap  sections  inboard of s ta t ion  0.14413/2 were 
removed. 

The extended s p l i t  and ro t a t ed   sp l i t   f l aps  were so designed tha t  
when they  extended from the  plane of symmetry t o  the 0.50b/2 s ta t ion  
the areas were equal t o  the  area of the s p l i t   f l a p  of the same span and 
spanwise location. The s t ep   sp l i t   f l aps  were equal   in  area t o   t h e   s p l i t  
f l aps  which extended from  O.l@b/2 to   0 .43/2 .  The triangular  f laps,  
when tes ted with the  wing-fuselage  combination, had t r a i l i n g  edges  nor- 
m a l  to  the  plane of symmetry in the  deflected  position and an area equal 
t o   t h a t  of  the  spl-it  flaps which extended from 0.144b/2 t o  0.45b/2. The 
t r iangular   f laps ,  when tes ted on the wing alone, were geometrically 
similar to   t he  triangular flaps described above but were equal in area 
to   the  spl i t   f laps   extending from the plane of symmetry t o   t h e  
O.5Ob/2 s ta t ion.  With the exception of the   t r iangular   f laps ,   the   f lap 
p l an  forms were tapered i n  a manner such that extensions of the  leading 
and t r a i l i n g  edge of each f l a p  would intersect  at the same distance 
from the  plane of symmetry. 

The separator  plate used with some of t h e   t e s t s  of the   s tep   sp l i t  
f laps  consisted.of a pla te   paza l le l   to  the plane of symmetry extending 
from the  outboard end of the Inboard s t ep   t o   t he  inboard end of the 
outboard step. 

A photograph of the model mounted in the Langley 19-foot  pressure 
tunnel is presented as figure 3. 

TESTS 

The tests were conducted in   t he  Langley 19-foot  pressure tunnel 
with  the air compressed tq approxlmately 33 pounds per square i ch, 
absolute. The tests were made a t  a Reynolds number of 6.0 X 102 and 
a Mach  number of 0.14. 

The l i f t ,  drag, and pitching moments were measured through an 
angle-of-attack  range at zero yaw by a shultaneously  recording  balance 
system. The character is t ics  of the wing and the wing-fuselage were 
determined f o r  numerous combinations of lead€%-edge-flap  span and 
trailing-edge-flap  type, span, and deflection. 
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All data have been  reduced t o  standard nondinlensional coefficients 
and have been correcteit  for  support tare and interference  effects  and 
for  air-stream misalinement.  Jet-boundary  corrections have been applied 
t o  the angle of a t tack  and to  the drag and pitching-mment  coefficients. 
The  jet-boundary  induced-velocities  obtained by means of  reference 2 
were used t o  compute these corrections. 

The extensive number of flap configurations  fnvestigated  prevents 
the inclusion in this paper  of all the data obtained in the   t es t s .  The 
data are presented in figures 4 t o  16 for those  configurations  consid- 
ered  to  be the most promfsing of each f l ap  type and for  those  configu- 
rations  necessary t o  show the   e f fec ts  of the several variables. The 
pertinent data f o r  the remaining  configurations-are  presented in 
tables  I and II. 

L i f t  Characterist ics 

MaxFrmun lift.- The highest  values of maximum lift coeff ic ient  
measured f o r  the wing-fuselage  combination are obtained with the extended 
s p l i t  flaps i n  combhation with the leading-edge  flaps. As shown in 
table  I, these values are 1.57 and I. 70 f o r  flap spans of 0.45b/2 and 
0.60b/2, respectively. The m a x i m u m  values of C f o r  the s p l i t   f l a p  

configurations  are 1.50 and 1.59. With the exception of  the forward- 
Lmax 

* located step flaps, the other   f laps   teated produce values  of Cba 

about the same as those  of the split flaps. The forward-located step 
flaps produce a about 0.15 less. cb 

Some examples of the e f fec t s  of f lap def lect ion and span on the 
l i f t  character is t ics  are shown fn flgures 4 and 5 f o r  the s p l i t  and 
extended s p l i t  flaps. The variation of with flap deflection 

is  shown in figure 17. With the 0.425b/2 leading-edge f l aps  and the 
o .45b/2 split f laps ,  a maxfm~m value of c of 1.45 is obtained a t  

tjf = 30°. For deflections greater than Sf = 30°, the value of C b  

decreases  unti l  at €if = i s  1.34. The 0.60b/2 s p l i t   f l a p s  
give a similar var ia t ion of with deflection. Table I indicates 

L 

t 3 O  cLm,x 
cL,,x 

that C of the configuration with undeflected  trailing-edge  flaps Lmax 
was not  necessarily  reached. For the deflection range  investigated the 

* variat ion of C h a X  with Sf may, therefore, be even l eas  than that 
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shown. For the  extended s p l i t   f l a p s  the maximum values of C 

occur a t  slightly  higher  deflections,  about 45'. Table I shows tha t ,  
regardless of the leading-edge f l ap  span, the maximum values of 

are  obtained at deflections of approxhately 30' and 45O, respectively, 
f o r  the   sp l i t  and extended sp l i t   f l aps .  

Lmax 

cLInax 

Examples of the  effects  of leading-edge f l ap  span on the l i f t  
character is t ics  are shown i n  figures 6 and 7. The var ia t ion of C h a  

with  span of the  leading-edge  flaps is  shown i n  figure 18 for   the w i n g -  
fuselage combination  equipped  with and without the s p l i t  and extended 
sp l i t   f l aps .  With the  spli t   f laps  the  highest   values of C h a X  are 
attained  with  the  inbomd end  of the  leading-edge  flaps  extending. t o  
between the 0.55b/2 and 0.45b/2 stations.  For the  configuration of the 
extended sp l i t   f l aps   def lec ted  30° C b U  is  s t i l l  increasing at the 
longest span leading-edge flap  investigated ( 0.52'33/2) . 

Table I shows tha t   fo r  the rota ted   sp l i t ,  step s p l i t ,  and t r ian-  
gular flaps  the  largest  values o f  C ~ , a x  are  obtained  with  the  leading- 
edge flaps  extending from the w i n g  t i p  inboard t o  at leas t   the  wing 
midsemi span. 

As shown in   f i gu re  8, the  values of f o r  comparable leading- cLm,x 
and trailing-edge  flap  configuratio~ns  are  approximately  equal,  fuselage 
on or off .  The tabulated  values of (table I) indicate  that  the 

variat ion of C L , ~  with flap  deflection,  leading-edge  flap span, and 

flap  type is  essent ia l ly   the same with  fuselage on or  of f .  

L i f t  increment i n  linear l i f t  range. - The lift increments (a t  
a = 8 O )  due to   f lap  def lect ion  are   presented in  figure 17 f o r  the split 
and extended s p l i t   f l a p s  in combination  with 0.425b/2 leading-edge  flaps. 
For the 0.4%/2 s p l i t   f l a p  aCL increases at a decreasing rate with  f lap 
deflection up to   the  greatest   def lect ion  tes ted (60°). An increase of 
t h e   s p l i t   f l a p  span t o  0.60b/2 r e su l t s  in somewhat higher  values of 
ACL, roughly 4 0  percent  larger at 1r0 deflection and 25 percent  larger 
a t  60' deflection. The var ia t ion of ACL with  deflection of the 
0.60b/2 f laps  is sirnilax to  that   for  the  shorter-span  f laps.  The addi- 
t i o n  of  the  leading-edge  flaps,  varying  in  span from 0.375b/2 t o  
0.525b/2, r e s u l t s   i n  an average  increase of EL of about 0.01, as 
shown i n  table I. 
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It i s  of interest t u  note that ML, reduced  by the cos2.A, pro- - duced by 0.60b/2 split flaps deflected 60° on the unswept-wing - fuselage 
combination of reference 3 is  ident ical  w i t h  that obtained  with a simi- 
lar flap  configuration in the present tests. 

The increment of lift coefffcient  result ing from deflection of the 
0.4!3/2 extended s p l i t  flaps reaches a maxirmun a t  a deflection of about 
45' and &creases from this m x i m ~ ~ ~  st higher deflections  (fig.  17). 
B e l o w  30°, ACL fo r  the extended split flaps i s  about  twice that 
obtained w i t h  t h e   s p l i t  f laps.  EL is about the same f o r  either the 
0.43/2 extended split flaps deflected 300 o r  the 0.60b/2 split f laps  
deflected 60°. 

The lift character is t ics  of the King-fuselage  combination with the 
t r iangular ,   rotated  spl i t ,  and step s p l i t  flaps are shown in f igures  8 
and 9 ,  The v d u e  of LCL produced  by the triangular flaps  deflected 
30° is about  equal t o  that obtained wfth 0.45b/2 extended split f l aps  
deflected 30' ( table  I). The effectiveness of the rotated s p l i t  and 
step split f l aps  deflected 45O in producing 811 increase in  lift at  a 
constant angle of a t tack i s  generally between that of the s p l i t  and 
extended sp l i t   f l aps .  For example, the increment produced by the 
ro ta t ed   sp l i t   f l aps  i s  about 0.31 as compared w i t h  0.37 f o r  the extended 
split flaps and 0.22 for  the split flaps. The step-type  flaps in the 
forward  position, however, produce the smallest increment (0.19) of all 
the flaps investigated. The addition of the separator  plate between 
the two portions of the step flaps increases the value of ACL by 0.03 

type f lap 1ocated. in  the reaward posit ion is  considerably fncreased 
and i s  about the same as t ha t  of the 0.6Ob/2 split f laps .  

I t o  about the same as the s p l i t   f l a p s .  The effectiveness  of the step- 

O f  the spli t- type flaps investigated, then, the largest  values  of 
and &CL. are obtained  with tlie f laps  at maderate deflection 

angles and with those flaps having the hinge lines located on o r  near 
the w i n g  t r a i l i n g  edge. 

Pitching-Moment Characteristics 

The pitching-moment character is t ics  of the model f o r  repreEnta t ive  
flap  configurations are shown i n  figures 9 to  14. A summary of the 
pitching-moment character is t ics  of the configurations  investigated is  
presented i n  table 11. Reference 4 has shown that extended leading- 

the outer  portions of the  subject wing t o  high angles of  a t tack so that 
a stable break of the pitching-moment curve results. Just pr ior  t o  

. edge f l aps  of suitable span effectively delay the  Fnherent  stalling of  
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maximum l i f t ,  however, various  degrees of i n s t ab i l i t y  are encountered. 
The following  discussion is  primarily concerned with  the  effects of 
trail ing-edge  f laps on the  direction of the moment break at maximum l i f t  
and on the  degree of i n s t a b i l i t y   j u s t   p r i o r   t o  maximum l i f t .  

A s  shown in   f igures  10 and 11, the  direction of the  break in the 
pitching-moment curve near maximum lift i s  practically  unaffected by 
the  degree of deflection of the  trailing-edge  flaps. The addition of 
the  t ra i l ing-edge  f laps   to   the model equipped wilth cer ta in  spans of 
leading-edge f l a p  is, i n  m a n y  cases,  effective in reducing  the initial 
unstable  variation of pitching-moment coefficient  with l i f t  coefficient 
wbich i s  present in the  high-l i f t  range below m a x i m w n  lift. I n  particu- 
lar, those  flaps which tend t o  increase the w i n g  area are most effect ive 
i n  reducing this unstable  vmiation. For example, the wing-fuselage 
combination  with 0.375b/2 leading-edge f laps   exhib i t s  an initial 
unstable change in   the   longi tudina l   s tab i l i ty  parameter, dC,JdCL, of 
approximately 0.18. The addition of the 0.45b/2 extended s p l i t   f l a p s  
and sp l i t   f l aps   def lec ted  30° reduces t h i s  change t o  about 0.02 and 
0.10, respectively. With the f l a p  spans  increased t o  0.60b/2, however, 
the  unstable change i s  only  reduced t o  0.15 and 0.17 f o r  extended s p l i t  
Flaps and spl i t   f laps ,   respect ively.  

The degree of deflection of the  trailing-edge  flaps also affects   the 
magnitude of t h i s  initid. ins t ab i l i t y .  For  each flap  type there i s  
usually one f lap  def lect ion  angle   for  which the  contribution of the 
f l a p   t o   s t a b i l i t y  in the range under  consideration i s  the largest .  The 
optimum flap  def lect ion  usual ly  i s  about 30° t o  45’ for   the   f laps  
investigated  (figs.  10 and n). &flection  angles less than or  greater 
than  the  aforementioned  deflection  range  generally are not as effective 
and f o r  some configurations  actually  increase  the  original  flap-off 
ins tab i l i ty .  

Examples of the  effectiveneas of the  leadingedge  f laps in  con- 
troll ing  the  pitchlng moment at or  near meximum l i f t  are shown in f i g -  
ures 12 and 13. Without the  leading-edge  flaps,  the moment curve breaks 
s h a r p l y  unstable. The addition  of  either-  the 0.375b/2 or 0.425b/2 
leading-edge f laps  results i n  a stable  break of the moment curve in 
th i s   h igh - l i f t  range  near C . Progressively  increasing  the  leading- 

edge f l a p  span beyond 0.425b/2 results in  the model again becoming 
unstable. In general,  table I1 shows that the maximum spas of leading- 
edge f lap ,   for  which stable moment character is t ics  in the   high-l i f t  
range near axe obtained, is l imited  for   the wing-fuselage combi- 

nation  to  about  0.4nb/2. As shown in  reference 4, the m a x i m u m  leading- 
edge f l a p  span, which provides  stabil i ty of the wfng alone in  the  high- 
l i f t  range near i s  dependent t o  a slight degree upon the 

%ax 

cL,,x 

“ j  

I ’  

. 

! 
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trailing-edge f lap type.  For the xing-fuselage  combination  tested 
herein  the mxirmun leding-edge f l a p  span from stabi l i ty   considerat ions 
i s  also affected  s l ight ly  by the type of trail ing-edge  f lap.  As i l lus-  
trated in table  11, a stable  break Fn the pitching-moment curve at  CLmax 

i s  obtained f o r  the wing-fuselage  colabination  equipped with the r o t a t e d  
s p l i t  flaps with a leading-edge f l a p  O.O5Ob/2 longer  than that used 
with the other trailing-edge flap  configurations. 

- 

As one indication of the comparative usefulness of the vwious 
types of flaps  investigated,  the  highest lift coefficients  obtained 
before  the  onset of destabil izing m o m e n t  changes are  presented in  
table  11. It can be seen that with the 0.45b/2 extended s p l i t   f l a p s  in 
combination with the 0.375b/2 leadingedge  f laps,   stable variations of 
pitching moment were obtained up to  a lift coefficient of 1.38 at 30' 
deflections. The corresponding value of lift coefficient  obtained  with 
the 0.60b/2 extended s p l i t  flaps is approximately 0.10 less and with 
the remaining t y p e s  of f l a p  nearly 0.40 less. The comparatively  high 
value obtained with the 0.45b/2 extended s p l i t   f l a p s  i s  a result of the 
vfrtual elimination of the unstable moment charac te r i s t ice   p r ior   to   the  
final stable  break of the pftching-moment curve. For-several of the 
0.45bJ2 extended s p l i t  fl&p CoIIfigurations having stable charac te r i s t ics  

l i z i n g  change In dC dCL of less than 0 .O?. With the O.&b/2 extended 
sp l i t   f l aps ,  values of C 

l e s s  than 0.15 ( f ig .  13). 

at C L ,  values of C k  of up t o  1.50 are obtained  with a &stabi- 

m/ 
Lmax up t o  1.65 are 0bts-d x i t h  changes of 

s The increments of pitching-moment coeff ic ient   resul t ing f'rom f lap  # 

deflection were measured at CL = 0.8 f o r  the various  f laps  deflected 
43O. Because short f l a p  spans are involved and the  inboard  location on 
the sweptback wing places them longitudinally near t o  the assumed center 
of gravity, the trim changes obtained are small. The greatest  trim 
change occurring with the 0.43/2 f laps  amounts to an increment of 
pitching-moment coefficient of about -0.07 f o r  the extended sp l i t   f l ap .  
With the 0.60b/2 extended sp l i t   f l aps   t he  increment  increases t o  only 
-0.11. 

A change in s t a b i l i t y  in  the l o w - l i f t  range  corresponding to a 
3 o r  4 percent forward shift of the aerodynamic center i s  the primary 
re su l t  of the d a i t i o n  of the fuselage t o  the w i n g  (fig. 14).  

t 
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D r a g  Characterist ics 

Representative  drag data axe presented i n  figures 15 and 16 f o r  a 
f e w  configurations.. In order t o   i l l u s t r a t e  more clear ly  the e f f ec t s  of 
flap  deflection, span, and type on the drag characterist ics,  the lift- 
drag  ra t ios  and the gliding character is t ics  are presented i n  figures 19 
t o  21. - 

The e f f ec t s  of the degree of deflection of the s p l i t   f l a p s  are 
shown -.figure 19. In the low and moderate l i f t  range the lift-drag 
r a t i o s  are la rges t   for   the  wing-fuselage  combination d t h o u t   t r a i l i n g -  
edge f laps  or with the  trail ing-edge  f laps at low deflections. A t  a 
lift coefficient of about 1.05 the L/D values  are  approximately e q u d  
except  for the flaps-off  condition  for which the values are somewhat 
lower. It cazl be seen from the chart of gliding speed against sinking 
speed that at gliding  speeds of 125 t o  130 miles per hour, which corre- 
spond t o  about 120 percent of the minimum speed  of the wing-fuselage 
combination at sea level  with  an assumed wing loading of 40 pounds per 
square  foot, minimum values of sink-fnn speed are obtained with f l a p  
deflections of l5O and 30°. 

The e f f ec t s  of  increasing  the  flap span from  0.45b/2 t o  0.60b/2 
are also shown in   f igure  19. A t  gliding speeds of 125 t o  130 miles per 
hour, -increasing the f+ap  span  reduces  the  sinking speed slightly f o r  
the 1 5 O  f lap   def lec t ion  and increases it slight- fo r   t he  6oo deflection. 
The difference in  glide angles  for  the speed  range under consideration 
does  not  exceed 2' or  3' regardless of the  f lap  deflection o r  span. 

- 
b The ef fec ts  of the  degree of deflection of the  extended s p l i t   f l a p s  Y 

are shown in figure 20. In the gliding  range of 120 to 125 miles per 
hour, which corresponds t o  120 percent of the miniman speed, the minimum 
values of sinking speed  occur a l so  at deflections of 15' and 30'. For 
equal  deflections  the sinnm. speeds are  approximately  equal  for  either 
the 0 &b/2 or   the 0.60b/2 flap  configurations,  although  the  gliding 
speeds at 120 percent of the rninhum speed are slightly different .  In 
this speed range the maximum difference in the  sinking s ed f o r   f l a p  
deflections of 150 t o  600 and spans of 0.45b/2 t o  0.60bKis 4 feet per 
second. 

The relat ive  drag  character is t ics  of the various  f laps are shown 
i n  figure 21. Above a l i f t  coefficient of  about 1.05 the values of 
L/D are lowest for   the split f laps ,  highest for the  extended split 
flaps, and intermediate  for  the  rotated  spli t   f laps and the  optimum 
configuration of the step s p l i t   f l a p s  (rearward  position  with  separator 
p l a t e ) .  Throughout the lift range the values of L/D of the  tr iangular 
f l aps  are s l igh t ly  lower than  those of the extended sp l i t   f l aps .  
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The chart of gl iding  character is t ics  in figure 21 indicates that 
at the landing-approach speed, f o r  the case under consideration, the 
s i n k i n g  speeds are only  s l ight ly   affected by the  f l ap  type. P 

Comparison with  Flaps of the  Slotted m e  

The re su l t s  of tests of single and double s lo t t ed   f l aps  on the 
subject w i n g ,  obtained from unpublished  data, are compared in figures 22 
and 23 with the results of tests of the extended s p l i t  flaps. The 
configuration  used  for the comparison consis ts  of the wing-fuselage 
combination  equipped with 0.475b/2 leadingedge f l aps  and the O.&b/2 
trailing-cage flaps  deflected 30°. 

The maximum lift cokfficient produced by the double s lo t t ed   f l ap  
configuration i s  slightly higher than that produced by either the 
extended s p l i t   f l a p s   o r  the s i n g l e  slotted  f laps,   about 1.57 compared 
to 1.52 and 1.49, respectively. For a given angle of a t tack  the lift 
increment  produced by the double s lo t ted   f laps  i s  s l igh t ly   l a rger  than 
that of the other   f laps .  The changes in longi tudlnd  trim due t o  f l a p  
deflection are about the stme f o r  the double s lo t ted  and extended spli t  
f l aps  and slightly less f o r  the single s lo t ted   f laps .  The mment chaxac- 
t e r i s t i c s  at maximum lift are similm.  The glide character is t ics ,  as 
i l l u s t r a t ed  i n  figure 23, are nearly ident ica l  in the high-lif t , . low- 
speed range. 

The preceding cornpaxison i s  based on equal  spans (0.45b/2) of the 
extended s p l i t ,  single s lot ted,  and double s lo t ted   f laps  and, on this 

as that of the double s lo t ted  flaps. Reference 4 has indicated that f o r  
t h i s  wing without a fusexage,  longer spans of split f lap  than of  double 
s lo t ted  flap may be-employed.when the cri ter ion  for   a l lowable f l ap  span 
i s  stable pitching-moment character is t ics  at 

shown herein that the addition of the  fuselage has l i t t l e  e f f ec t  at 

i basis, the effectiveness of the extended s p l i t   f l a p s  i s  nearly the same 

c4nax' As it has been 

On the s t a b i l i t y  of the wing equipped with e i the r  the split or  

the extended sp l i t   f l aps ,  it 18 lFkely tht on t h i s  same stability basis 
longer  spans  of  extended s p l i t  f l ap  than of double s l o t t e d   f l a p  may be 
used. With an increased span  of  extended spli t  f lap,  it is probable 
that the resul t ing lift effectiveness would be greater than that of the 
double-slotted-flap  configuration. 
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CONCLUDING RENARKS 

NACA Rplf L5U)x) 

From the   resul ts  of an investigation in the Langley 19-foot  pressure 
tunnel t o  determine  the e f f ec t s  of spl i t - type  f laps  on a 47.70 sweptback- 
w i n g  - fuselage combination, the following remarks can be mge: 

1. Of the  spli t- type  f laps  investigated the largest   values of 
maxirmun lfft coefficient C and increment i n  l i f t  coefficient due t o  

f lap  def lect ion ACL are obtained a t  deflection angles of  the  order of 
40° with those  flaps having hinge lines located on or  near the wing 
t r a i l i n g  edge. 

%ax 

2. When the w i n g  is  equipped  with  'leeding-edge  flaps,  the longi- 
t u d i n a l   s t a b i l i t y   i n  the high- l i f t  range below C is depkndent upon 

the trail ing-edge  f lap type and the degree of f lap deflection. 
Lmax 

3. A value of C of 1.50 is  obtained on a w i n g  configuration %ax 
with  O.b~-semispan  extended s p l i t   f l a p s  in combination with 0.425- 
semispan extended leading-edge  flaps.  This  configuration has stable 
pitching-moment character is t ics  at and destabi l iz ing changes in 

the slope of the pitching-moment curve dCm/dCL of less than 0 .O5 
below CL . With the span of the  extended spl i t   f laps   increased to 

m a x  
o .60 semispan, a value of- of 1.65 is obtained  with a change i n  

dCm/dCL of less than 0.15. 

4. From considerations of CL , lift-drag ra t io ,  and longitudinal 
max 

stability, the effectiveness of the extended s p l i t   f l a p s  is about equal 
t o  that of double s lo t ted   f laps  of the  same span. 

Langley  Aeronautical  Laboratory 
National Advisory Committee for  Aeronautics 

Langley Field, V a .  
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TABLB I.- SUMMARY OF TEE LIFT CIIAFUCTBRISTIOS OF THE WIHO Al iD  W I U O - F U S E L A ~  
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Figure 1.- Geometry of the 47.70 sweptback-wing - fuselage cambination and 

details of the  leading-edge flape. A l l  dimeneions are in  inches. 
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Figure 3 .- The 47.70 sweptback-wing - fuselage cambination mounted in the 
Langley 19-foot pressure tunnel. 

. 



16 

L4 

LO 

.8 
CL 
.6 

.4 

.2 

0 

-. 2 

-.4 
-4 0 4 8 I2 1 6 2 0 2 4 2 8 3 2  

0 0 0 
na 00 

0 0 4 8 I2 I I6 20 24 2 8 : Z  
hO A 0  

& 

Figure 4.- Effects of deflection and span of the split flaps on the 
aemdynmic characterintics of the wing-fuselage combination 
equipped  with 0.4!2!%/2 leadihg-edge flaps. 
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Figure 5.- Effects of deflection and span of the extended split flaps on 

the aerodynamic cbaracterlstics of the wing-fuselage  combination 
equipped ulth 0.375b/2 lead--edge flap. 
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Figure 6.-  Effects  of leading-edge flaps of &OW on the aerodynamic 
characterlotics  of  the wing-fuselage ccrmbination equipped with spl i t  
flape deflected 30'. 
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Figure 8.- Aerodynamic cbaracterietice of the wing and the wing-fuselage 
combination equipped with varloue trailing-edge flapa and 0.4m/2 
leading-edge flaps. 
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Figure 10.- Effect8 of deflection  and s p n  of the split flaps on the 
aerodynsmic  characteristics of $he wing-fuselage  combination equipped 
with 0. k?5b/2 leading-edge  flaps. 



Figure l l . - .Effecta of deflection and epan of the extended spl i t  f laps  on 
the aerodynamic characteristics o f  the wing-fuaelage cambination 
equlpped with 0.375b/r! leadlng-edge flaps. 
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Figure 12.- Effects of leading-edge  flaps of various spans on the aeyo- 
dynamic  characteristics of the wing-f'uaelage combination  equipped 
with split  flaps  deflected 30'. 
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Figure 13.- Effects of leading-edge f laps  of var ious   pans on the aero- 
dynamic characteristics of the wing-fuselage  combination equlpped 
wlth extended split  flaps deflected 30'. 
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Figure 14.- Aerodynamic  characterietics o f  the wing and thz  wing-fuselage 
combination equipped uLth various trailing-edge flaps and 0.425b/2 
leadlng-edge flaps, 
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Figure 17. - Variation of C h X  and EL with f lap deflection on the 
47.7' sweptback-wing - fuselage  combination; 0.423/2 leading-edge 
flaps. 
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Figure 18.- Vaarlation of the maximum lift coefficient with leading-edge- 
flap Bpan for Wrioua trail ing-edge flaps on the 47.70 mreptback-wing - 
fuselage combination. 

1 I . 



NACA RM L5lD20 37 

0 .2 .4 .6 .a 1.0 /. 2 1.4 /.6 

80 /00 120 140 160 I 70 200 220 
%, mPh 

(b) Glide characteristics. 

Figure 19.- Effects of split-flap  deflection and span on the  lift-drag 
ratfo and the glide  characterietica  of the wing-fuselage conibination 
equipped with 0.42%/2 leading-edge flaps. Assumed Xing loading 'of 
b.0 pounds per square foot, sea-level conditions. 
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Figure 20.- Effects of extended-split-flap deflection and span on the 
lifrt-drag ratio and the glide characteristics of the wing-fuselage 
combination equipped with 0.375b/2 leading-edge flaps. Assumed 
wing loading of 40 pounds per s w r e  foot, sea-level conditione. 
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(b) Glide characteristics. 

Figure. 21.- Effects of various 0.43/2 trailing-edge  flaps on the lift- 
drag ratio and  the glfde  characteristics of the wing-fuselage combi- 
nat ion equipped with 0.475b/2 leading-edge flape. Assumed wing 
l o a d i n g  of 40 pounds per square f'oot, sea-level condftions. 
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Figure 22.- Camparison of  aerodynamic characterletice of 0.4%/2 extended 
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47-70 swepthck-wing - fuselage combination; 0.47%/2 leading-edge 
flaps; 61 = 30°. 
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Figure 23 .- Effects of 0.43/2 extended split,  s ingle   s lot ted,  and  double 
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s lo t t ed  flaps on the lift-drag ratio and the glide character is t ics  of 
the wing-fuelage combination equipped with 0.475b/2 leading-edge flaps;  
Sf =: 30°. Assumed wing loading  of 40 pounds per square foot, sea-level 
conditions. 
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